1. INTRODUCTION
===============

Previous studies have suggested that vitamin D deficiency might contribute to the pathogenesis of myocardial infarction \[[@R1]\]. However, no data are available on the association of paraoxonase activity -a HDL-associated enzyme and the development of ST-elevation myocardial infarction (STEMI). Thus, we investigated whether serum vitamin D3 is inversely associated with PON1 enzyme activity in STEMI patients.

In animal models of inflammatory diseases, serum activity of Paraoxonase (PON1) is diminished. Taking into account the anti-inflammatory and antioxidant properties of PON1, decrease in the enzyme's activity might exacerbate the inflammation and oxidative stress which accompany myocardial infarction \[[@R2]\].

Paraoxonase -- so named because of its ability to hydrolyse the toxic metabolite of parathion, paraoxon -- was also shown early after its identification to manifest arylesterase (ARE) activity. Hence, research on PON1 function was focused on trying to distinguish the native or "ancestral" function of this enzyme from all other secondary or "adapted" functions \[[@R2]\]. Although the preferred endogenous substrate of PON1 remains unknown, lactones (especially Homocysteine-thiolactone) comprise one possible candidate class \[[@R3]-[@R5]\]. More than 95% of PON1 is associated with HDL particles in the circulation. So, PON1 exerts a protective effect against oxidative damage of cells and lipoproteins and modulates the susceptibility of HDL and LDL to atherogenic modifications such as homocysteinylation \[[@R5],[@R6]\].

Vitamin D has potential ameliorating effects on the development of cardiovascular events by several mechanisms, but the molecular mechanisms of this association remain incompletely understood. Vitamin D is a prohormone obtained from dietary sources or produced from UV activation in the skin. It functions through a specific receptor (VDR), and as a transcription factor, which directly or indirectly controls more than two-hundred heterogeneous genes including the genes for the regulation of cellular differentiation, proliferation, and angiogenesis \[[@R6]-[@R8]\]. The VDR is nearly immanently expressed, and nearly all the cells respond to vitamin D exposure; about 3% of the human genome is organized directly or indirectly by the vitamin D endocrine system \[[@R9]-[@R11]\].

Furthermore, it has been shown that cardiac myocytes and fibroblasts express the enzymes alpha-l hydroxylase (1α-OHlase) and 24-hydroxylase. Considering that the conversion of 25-dihydroxycholecalciferol(calcidiol), to 1,25-dihydroxycholecalciferol(calcitriol), the active form of vitamin D3 by 1α-OHlase in extrarenal tissues, is mainly dependent on substrate availability, this latter finding suggests that the concentrations of circulating calcidiol levels might be a significant determinant of vitamin D3 effects in the myocardium. Homo-cysteine-thiolactone), the active form of vitamin D3 by 1α-OHlase in extrarenal tissues, is mainly dependent on substrate availability, this latter finding suggests that the concentrations of circulating calcidiol levels might be a significant determinant of vitamin D3 effects in the myocardium. Vitamin D3 could also be associated with cardiovascular disease by down-regulating tumor necrosis factor-alpha (TNF-α) and interleukin IL-6 and up-regulating interleukin IL-10. Today, serum amyloid A (SAA) and C-reactive protein (CRP) are two commonly used acute-phase markers. Like CRP, SAA is synthesized in the liver in response to infection, inflammation, injury, or stress \[[@R1],[@R12],[@R13]\].

This study was designed to determine if the activity of PON1, an antioxidant enzyme that works as a negative acute phase reactant, is correlated with inflammatory markers such as CRP, SAA, IL-6, TNF--α, IL-10 and hypovitaminosis D in STEMI patients receiving standard treatments.

2. MATERIALS AND METHODS
========================

2.1. Subjects
-------------

We evaluated 30 male consecutive patients with acute STEMI who were admitted to our hospital with a chest pain and underwent urgent cardiac catheterization between November-March 2012. The patients had presented symptoms within 12 hours from the onset of disease (typically, chest pain lasting for \>30 minutes), ST-segment elevation \>2 mm in \>2 contiguous electrocardiographic leads or new onset of complete left bundle-branch block, and they had primary PCI (angioplasty and/or stent deployment). Exclusion criteria were: a prior MI, cardiac arrest, a prior coronary artery bypass graft, congestive heart failure, active infections, systemic inflammatory disease, known liver, hematologic, or malignant disease, end-stage renal disease.

The presence of obesity, diabetes mellitus, and hypertension was also assessed. Obesity was defined as body mass index (BMI) greater than 27,8 kg/m^2^ as proposed by the National Institute's of Health consensus statement. Diabetes was defined as fasting blood glucose \>126 mg/dl or diagnosis of diabetes needing diet or drug therapy. Hypertension was defined as resting systolic blood pressure \>140 mm Hg and/or diastolic blood pressure\>90 mm Hg. All the participants gave written informed consent, and the local ethics committee review board approved the study protocol.

The optimal plasma level of calcidiol is commonly said to be 30 ng/ml or above, while levels of 21--29 ng/ml are generally considered as insufficient, and levels below 20 ng/ml are considered as deficient. The term severe *deficiency (osteopenic)* is commonly used in settings when serum calcidiol levels are less than 10 ng/ml \[[@R10]\].

2.2. Percutaneous Coronary Angiography
--------------------------------------

PCI was performed using the standard percutaneous Judkins technique. The angiographic characteristics, which included lesion location and percentage stenosis, of all coronary lesions in the index coronary angiogram were obtained from reviewing the angiogram according to Gensini scores \[[@R14]\]. All coronary angiographies were performed in the same center. Two experienced cardiologists blinded to the study protocol carried out the angiographic analysis.

2.3. Analytical Methods
-----------------------

### 2.3.1. Samples

Blood samples were obtained after an overnight of fasting. Serum samples were then separated from cells by centrifugation at 3000 rpm for 10 min. Lipid parameters and other routine parameters were measured freshly. Remaining serum portions were stored at −80 °C and used to analyze calcidiol, PON1, ARE, total antioxidant status (TAS), total oxidant status (TOS) and inflammatory markers. Blood samples were obtained during the same season.

### 2.3.2. Measurement of Serum Calcidiol Level

25OH-D (calcidiol)assay (DiaSorin, Stillwater) was performed by using LIAISON^®^ analyzer, with a direct competitive chemiluminescence immunoassay method. Reagents contain an antibody specific to 25OH-D, which is coated on magnetic particles, and 25OH-D conjugated to an isoluminol derivative and diluted in phosphate buffer. During the first incubation phase, 25OH-D is dissociated from its binding protein, and its interacts with binding sites on the antibody on the solid phase. Then, after the second incubation with the tracer, the unbound material is washed off and starter reagents are added to generate a flash chemiluminescent signal which is measured by a photomultiplier and is inversely related to the 25-OHD concentration. The LIAISON^®^ assay is linear only up to 125 ng/ml of total 25OH-D for unaltered samples. Limit of detection of 3.5 ng/ml and a coefficient of variability ranged from 4.8% to 11.1% 25OH-D assay.

### 2.3.3. Measurement of Paraoxonase and Arylesterase Enzyme Activities in Serum

PON1 and ARE enzyme activities were measured by using Erel's method. Fully automated PON1 activity measurement method consists of two different sequential reagents; the first reagent is an appropriate Tris buffer and it also contains calcium ion, which is a cofactor of PON1 enzyme. Linear increase of the absorbance of p -nitrophenol, produced from paraoxon, is followed at kinetic measurement mode. Non-enzymatic hydrolysis of paraoxon was substracted from the total rate of hydrolysis. The molar absorptivity of p-nitrophenol is 18.290 M^−1^ cm^−1^ and one unit of paraoxonase activity is equal to 1 mole of paraoxon hydrolyzed per liter per minute at 37 °C. Phenylacetate was used as a substrate to measure the ARE activity. PON1, present in the sample, hydrolyses phenylacetate to its products, which are phenol and acetic acid. The produced phenol is colorimetrically measured *via* oxidative coupling with 4-aminoantipyrine and potassiumferricyanide. Nonenzymatic hydrolysis of phenyl acetate was subtracted from the total rate of hydrolysis. The molar absorptivity of colored complex is 4000M^−1^ cm^−1^ and one unit of arylesterase activity is equal to 1 mmol of phenylacetate hydrolyzed per liter per minute at 37 °C \[[@R15]\].

### 2.3.4. Measurement of the Total Antioxidant Status of Serum

The TAS of the serum was measured using an automated colorimetric measurement method developed by Erel \[[@R16]\]. In this method, antioxidants in the sample reduce dark blue-green colored 2, 2′-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) radical to colorless reduced ABTS form. The change of absorbance at 660 nm is related with total antioxidant level of the sample. This method determines the antioxidative effect of the sample against the potent free radical reactions initiated by the produced hydroxyl radical. The results are expressed as micromolar trolox equivalent per liter.

### 2.3.5. Measurement of the Total Oxidant Status of Serum

The TOS of the plasma was measured using an automated colorimetric measurement method developed by Erel \[[@R17]\]. In this method, oxidants present in the sample oxidize the ferrous ion--chelator complex to ferric ion which makes a colored complex with a chromogen in an acidic medium. The color intensity, which can be measured spectrophotometrically, is related to the total amount of oxidant molecules present in the sample. The results are expressed in terms of micromolar hydrogen peroxide equivalent per liter (μmol H~2~O~2~ Equiv./L).

### 2.3.6. Oxidative Stress Index

The percentage ratio of TOS level to TAS level was accepted as oxidative stress index (OSI) \[[@R16]\]. For calculation, the resulting micromolar unit of TAS was changed to millimoles per liter, and the OSI value was calculated according to the following formula: OSI (arbitrary unit)=TOS (micromolar hydrogen peroxide equivalent per liter)/TAS (micromolar trolox equivalent per liter).

### 2.3.7. Routine Laboratory Parameters

The levels of triglycerides (TG), total cholesterol (TC), HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C) and creatinine were determined by using commercially available assay kits (Abbott) with an autoanalyzer (Architect^®^ c16000, Abbott Diagnostics).

### 2.3.8. Measurement of Serum Inflammation Markers

TNFα, IL-6, and IL-10 levels were measured using commercially available ELISA kits (DIAsource Immuno Assay S.A, Louvain-la-Neuve, Belgium) (% CV: 6.6; 4.2; 2.8 respectively) and also SAA levels were measured using a commercially available ELISA kit (Uscn life Science Inc. Houston, USA) (%CV: \<10). The assays employed the quantitative sandwich enzyme immunoassay technique. To avoid variation within an assay, measurements were performed in duplicate, simultaneously using the same ELISA kit to avoid variation within assay, and in a blind manner. Plasma samples from ACS patients were assayed for high sensitive(hs)CRP with the use of latex-enhanced immunonephelometric assays on a BN II analyzer (Siemens, Dade Behring, Newark, Del, USA). The range of detection for hsCRP was 0.75--1100 mg/L.

### 2.3.9. Statistical Analysis

Statistical analyses were carried out using the statistical software. In normally distributed groups the results were presented with mean and SD, otherwise with medians. Pearson correlation coefficient and Spearman correlation coefficient were used to test the strength of any associations between different variables. P value less than 0.05 was accepted as the significance level.

3. RESULTS AND DISCUSSION
=========================

The demographic characteristics, clinical findings, and laboratory data of the STEMI patients are shown in Table **[1](#T1){ref-type="table"}**,**[2](#T2){ref-type="table"}** and Fig. (**[1](#F1){ref-type="fig"}**). 30 male patients were enrolled for data collection. The mean age was 56±14 years. 33% of patients had diabetes mellitus. Ischemia reperfusion time of the study group was 183±145 minute. The mean Gensini score was 70±38. 25OHvit-D3 of 10 patients were at the level of deficiency and 20 patients were at the level of severe deficiency (Fig. **[2](#F2){ref-type="fig"}**). Serum HDL-C mean was about the lower reference range. Serum creatinine and GFR (MDRD) means were within reference limits. Serum LDL-C, TC and TG means were above optimal.

Correlation analysis was used to assess inflammation markers, oxidative stress markers and Gensini Score in the patients. There was a negative correlation between TNFα and ARE (r = -0.515; *p* = 0.003). There was a positive correlation between SAA and OSI (r= 0.34; *p*=0.04), SAA and TOS (r= 0.358; *p*=0.03), 25OHvit-D3 and ARE (r=0.38; p=0.03). There was no statistically significant correlation between inflammation makers, oxidative stress markers and Gensini score (Table **[3](#T3){ref-type="table"}**, Fig. **[3](#F3){ref-type="fig"}**). There was no statistically significant difference in any parameters (including cholesterol, triglyceride, etc) between 25OHvit-D3 deficient (\<30 ng/ml) patients and 25OHvit-D3 severely deficient (\<20 ng/ml) patients.

The main finding of our study was that the HDL-associated protein molecules, SAA, an inflammation-related marker, and PON1-arilyesterase, an antioxidant marker, tend to change in clear opposite directions in a disease with inflammation and oxidative stress conditions at the background. In addition, PON1-ARE enzyme activity was inversely associated with the severity of hypovitaminosis D. This study demonstrates - to our knowledge for the first time - that level of 25OHvit-D3 is positively correlated with HDL-associated serum ARE enzyme activity in a patient group of newly diagnosed STEMI with coronary lesions on the angiogram.

Several pathways linking vitamin D status with atherogenesis and myocardial infarction risk have been identified in experimental studies \[[@R18]-[@R21]\]. Our results also confirmed a high prevalence of vitamin D deficiency in patients with acute myocardial infarction. So, our data are in agreement with the concept that myocardial infarction is a multifactorial and complex disease. Vitamin D has already been shown to down-regulate the renin-angiotensin aldosterone system, proliferation of vascular smooth muscle cells and cardiomyocytes, inflammation, coagulation, vascular calcification, and parathyroid hormone level \[[@R18]-[@R24]\]. We also found that lower vitamin D activity was accompanied with decreased levels of a negative acute phase reactant HDL-associated PON1-ARE enzyme activity. Thus, the decrease in 25OHvit-D3 levels may occur as integral part of an oxidative and /or inflammatory response.

So, our efforts were focused on how hypovitaminosis D is modulated by inflammation, since inflammation plays an important role in the pathogenesis of acute coronary events. Indeed, HDL may be converted from an anti-inflammatory to a proinflammatory particle when PON1 level or activity associated with HDL is diminished during the acute phase response to hypovitaminosis D \[[@R25]-[@R27]\].

Our study describes the 25OHvit-D3 status in newly diagnosed patients with STEMI. It confirms a highly prevalent deficiency of vitamin D in these patients. None of the participants had sufficient levels of 25OHvit-D3 (\>30 ng/ml). Previous studies have demonstrated that proper 25OHvit-D3 level was found ranging only in 0-10.6% of investigated acute coronary syndrome patients \[[@R1],[@R28],[@R29]\]. These studies support our observation of a high prevalence of vitamin D deficiency in patients with acute myocardial infarction \[[@R30]-[@R32]\]. In our study no statistically-significant correlation between 25OHvit-D3 levels and severity of atherosclerosis in angiography (Gensini Score: median of 70±38) was observed. There is a lack of data concerning this relationship in patients with STEMI \[[@R1]\].

Several large prospective observational or cohort studies have demonstrated that a higher vitamin D status is associated with approximately 50% lower cardiovascular morbidity and mortality risk compared with low vitamin D status \[[@R20],[@R22]\]. A reduction in calcidiol levels is associated with oxidative imbalance and inflammation-linked vascular endothelial dysfunction in older adults. These people mostly live indoors, which means low exposure to sunlight and diminished skin vitamin D synthesis. They also experience problems in food intake that vitamin D supplementation by nutrition is often too low to compensate for reduced dermal production. Age related inadequate gut absorption only worsen the problems relating to hypovitaminosis D in the elderly \[[@R33],[@R34]\].

STEMI patients, at admission, had significantly higher values of inflammatory markers and cytokine levels than reference range, except for TNF α (Table **[2](#T2){ref-type="table"}**). This systemic inflammation at the development of an acute coronary syndrome might alter the HDL components and function. One of the major functions of HDL particles is their ability of anti-inflammatory (SAA) and antioxidative (PON1-ARE) function \[[@R35],[@R36]\].

The relationship between positive acute phase reactant SAA and oxidative stress parameters was also examined in this study. The analysis by Pearson or Spearman correlation showed that oxidative stress parameters in all subjects were associated with OSI and TOS (Table **[3](#T3){ref-type="table"}**). Oxidative stress is an important contributor to STEMI onset among old individuals. Correlated OSI, TOS and SAA levels reflect a positive acute phase reaction and vascular damage related to inflammation in early onset STEMI.

It has been documented that inflammatory markers such as SAA are directly involved in the atherosclerotic process and may serve as predictor for the risk of AMI \[[@R37]-[@R40]\]. Our study showed that an increase in SAA accompanying the increase in OSI and TOS has been found during the acute inflammation period. However, whether this phenomenon persists in coronary events, a disease related to inflammation, is unknown.

Previous studies reported that there was an independent positive correlation between SAA and oxidative stress parameters of cardiac events \[[@R41]-[@R44]\]. However, the question of whether this alteration in inflammation response is associated with impairment of oxidative balance requires further research.

Our results also demonstrated that patients with STEMI exhibited increased hsCRP levels in circulation. In addition, we found that PON1-ARE enzyme activity was not significantly associated with the level of hsCRP, providing no mechanistic link between inflammation and decreased PON1-ARE enzyme activity in the development of STEMI. As expected, correlation factor in negative acute phase reactant PON1-ARE activity was found to be negative, depending on TNFα in the studied subjects. It has been reported that inflammatory conditions result in PON1 enzymatic activity exhaustion and down regulation of hepatic PON1 mRNA levels \[[@R25],[@R26],[@R41]\].

We further explored the relationship between PON1 activity and the extent of atherosclerosis in angiographically proven coronary artery disease patients. Similar to the previous findings, our previous data showed that PON1 activity was significantly lower in heart patients than healthy subjects. Furthermore, the correlation analysis revealed no correlation between PON1 activity and the severity of myocardial infarction reflected by Gensini score in STEMI patients \[[@R1],[@R25]\].

Besides the sample size, a further limitation of our study was that we could assess 25OHvit-D3 levels only at a single occasion. However, in spite of the seasonal variation in 25OHvit-D3, several large studies have shown acceptable long-term correlations between repeated 25OHvit-D3 measurements that are comparable to those of other biomarkers of cardiac events. Serum 25OHvit-D3 is a negative acute phase reactant, which has implications for acute inflammatory diseases. Also, Waldron *et al.* \[[@R45]\] reported that serum 25OHvit-D3 is an unreliable biomarker of vitamin D status after acute inflammatory insult.

CONCLUSION
==========

We demonstrated here a very fine tuning of HDL particle in STEMI patients. Two HDL-related proteins with different functions (SAA with anti-inflammatory and PON1-ARE with anti-oxidant functions) showed changes in relatively clear opposite directions. This finding warrants attention in understanding the complex modifications of HDL particularly in coronary disease. We also confirmed the presence of hypovitaminosis D in these patients, suggesting the beneficial application of supportive medications. Apparently, further studies are needed to understand the intense communications between vitamin D, oxidative stress and inflammation.
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![Inflammation and oxidative stress markers of patients with STEMI patients.\
Mean and reference range of inflammation markers (respectively); SAA (ng/ml): 1200 (\<100), hsCRP (mg/L): 35.1 (1-3), IL-10 (pg/ml): 12.3 (0-3.3), IL-6 (pg/ml): 60 (0-50), TNFα (pg/ml): 11.8 (4.6-12.4). Mean±SD of oxidative stress markers; PON1 (U/L): 178.5 ± 118, ARE (kU/L): 160±45, TAS (nmol Trolox/L): 2.2±0.2, TOS (μmol H~2~O~2~ Equiv./L): 1.8±4, OSI: 0.7±1.6.](TOBIOCJ-8-44_F1){#F1}

![Distribution of 25OHvit-D3 in STEMI patients.\
10 (33%) patients were deficient and 20 (67%) patients severely deficient \[25OHVitamin D3 (ng/ml), mean±SD: 8.9±3, reference range: 30-60\].](TOBIOCJ-8-44_F3){#F2}

![Significant correlation of biomarkers in STEMI patients.\
Graphics of significant correlations: (A) Serum Amyloid-A and OSI (r= 0.34; *p*=0.04); (B) Serum Amyloid-A and TOS (r= 0.358; *p*=0.03); (C) Vitamin-D and ARE (r=0.38; p=0.03); (D) ARE and TNF-alfa (r = -0.515; *p* = 0.003).](TOBIOCJ-8-44_F3){#F3}

###### 

Clinical and demographic characteristics of patients with STEMI patients.

  Parameters                                          STEMI (n=30)
  --------------------------------------------------- -------------------
  Age(years)                                          56±14
  Sex(male) %                                         30 (100%)
  Body mass index (kg/m^2^)                           27±3.1
  Diabetes mellitus%                                  10 (33%)
  Hypertension%                                       4 (13%)
  ST segment deviation                                30 (100%)
  Ejection fraction[\*](#T1F1){ref-type="table-fn"}   48±10
  ST Resolution                                       85±18
  Time to reperfusion (min)                           183±145
  Preinfarct angina                                   12 (40%)
  MI localisation; anterior/nonanterior               18 (60%) /12(40%)
  Gensini Score                                       70±38

Ejection fraction was measured at post-PCI 48 hours. \# reference ranges

###### 

Laboratory data of all patients with STEMI patients.

  Parameter                                     Mean±SD       Reference Ranges
  --------------------------------------------- ------------- ------------------
  GFR (MDRD) [\*](#T2F1){ref-type="table-fn"}   95±22         
  Creatinine (mg/dl)                            1.08±0.4      0.6-1.2
  TC (mg/dl)                                    215±19        0-200
  TG (mg/dl)                                    173±46        0-150
  LDL-C (mg/dl)                                 139±42        \<130
  HDL -C(mg/dl)                                 35±11         40-60
  25OHVitamin D3 (ng/ml)                        8.9± 3        30-60
  PON1 (U/L)                                    178.5 ± 118   \-
  ARE (kU/L)                                    160±45        \-
  TAS (nmol Trolox/L)                           2.2±0.2       \-
  TOS (µmol H2O2 Equiv./L)                      1.8±4         \-
  OSI                                           0.7±1.6       \-
  SAA (ng/ml)                                   1200±2200     \<100
  hsCRP (mg/L)                                  35.1±63.3     1-3
  IL-10 (pg/ml)                                 12.3±9.4      0-3.3
  IL-6 (pg/ml)                                  60±67.3       0-50
  TNFα (pg/ml)                                  11.8±5        4.6-12.4

GFR: Glomerular filtration rate, MDRD:Modification diet in renal disease.

###### 

Significant correlation of biomarkers in STEMI patients.

  Parameters          r        P
  ------------------- -------- -------
  SAA & OSI           0.34     0.04
  SAA & TOS           0.35     0.03
  25OH vit-D3 & ARE   0.38     0.03
  TNF-α & ARE         -0.515   0.003
